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(54) Reducing water permeability in subterranean formation 



(57) The water permeabiiity of a water-producing 
zone in a subterranean formation is reduced by intro- 
ducing a polymeric surfactant and an inert gas into the 
zone to form a water permeability reducing foam therein. 
The polymeric surfactant has the property of facilitating 
the formation of the foam and the additional property of 



stabilizing the foam in the presence of flowing formation 
water. Examples of surfactant are ethylene oxide-pro- 
pylene oxide-ethylene oxide tri-block copolymers and 
ethylene oxide-butylene oxide-ethylene oxide tri-block 
copolymers. 
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and then a gas is introduced into the zone by way of the well bore in the presence of the polymeric surfactant and 
water therein to thereby form a water permeability reducing foam in water producing portions of the zone. 
[0011] As indicated above, the polymeric surfactants useful in accordance with the present invention must have the 
property of facilitating the formation of a foam, stabilizing the foam in the presence of flowing formation water and 

5 destabilizing the foam in the presence of hydrocarbons. It has been found that high molecular weight block polymers 
can have the required properties. Examples of suitable such block polymers include, but are not limited to, ethylene 
oxide-propyiene oxide-ethyiene oxide tri-block copolymers having molecular weights in the range of from about 5,000 
to about 15,000 and ethylene oxide-butylene oxide-ethylene oxide tri-block copolymers having molecular weights of 
about 5,000 to about 15,000. A particularly suitable and presently preferred polymeric surfactant is an ethylene oxide- 

10 propylene oxide-ethylene oxide tri-block polymer having a molecular weight of about 1 5,000. 

[0012] In accordance with the methods of this invention, the polymeric surfactant utilized is introduced into the water 
producing zone to be treated by way of the well bore penetrating the zone. Preferably, the polymeric surfactant is 
dissolved or dispersed in an aqueous carrier fluid and the carrier fluid-surfactant solution is pumped into the zone. The 
aqueous carrier liquid can be fresh water, an aqueous salt solution, brine or seawater. The aqueous carrier liquid is 

13 preferably salt water or brine. When salt water is used it can contain a variety of salts such as potassium chloride, 
sodium chloride, ammonium chloride and calcium chloride. The polymeric surfactant utilized is generally dissolved or 
dispersed in the aqueous carrier liquid In an amount in the range of from about 0.1% to about 5% by weight of the 
aqueous carrier liquid. 

[0013] After the polymeric surfactant has been placed in the water producing subterranean zone, a gas for foaming 
20 water in the zone is introduced into the zone. The gas utilized is preferably natural gas or nitrogen with nitrogen being 
the most preferred. The gas is pumped into the zone by way of the well bore in an amount sufficient to form a foam 
with the aqueous solution or dispersion of the polymeric surfactant previously placed in the zone. That is, in a volumetric 
ratio of the gas to the aqueous solution or dispersion of the polymeric surfactant in the zone in the range of from about 
1 : 1 to about 10:1. When the gas contacts water containing the polymeric surfactant previously introduced into the zone, 
25 a foam is formed and stabilized in the porosity of the zone. The presence of the foam substantially reduces the water 
flow th rough the zone, and because the foaming and stabilizing surfactant utilized is a high molecular weight surfactant, 
it is not readily leached or otherwise removed from the foam by water contact and stabilizes the foam for a long period 
of time. When produced hydrocarbons come into contact with the foam, the foam is destabilized and removed by the 
hydrocarbon flow. Thus, hydrocarbons produced in the zone readily flow through the zone, but water produced in the 
30 zone by way of fractures, permeable streaks and the like are prevented from flowing through the zone by the presence 
of the foam. 

[001 4] A preferred method of the present invention for reducing the water permeability of a water producing zone in 
a subterranean formation penetrated by a well bore is carried out as follows. A polymeric surfactant and an inert gas 
are introduced into the water producing zone by way of the well bore to thereby form a water permeability reducing 
35 foam therein, the polymeric surfactant having the property of facilitating the formation of the foam and the additional 
property of stabilizing the foam in the presence of flowing formation water. 

[0015] Another preferred method of this invention for reducing the water permeability of a water and hydrocarbons 
producing zone in a subterranean formation penetrated by a well bore is as follows. An aqueous solution or dispersion 
of a polymeric surfactant is introduced into the zone by way of the well bore, the surfactant having the properties of 
40 facilitating the formation of a foam, stabilizing the foam in the presence of flowing formation water and destabilizing 
the foam in the presence of hydrocarbons. Thereafter, a gas is introduced into the zone by way of the well bore in the 
presence of the aqueous solution of the polymeric surfactant to thereby form a water permeability reducing foam in 
water producing portions of the zone. 

[001 6] Yet another preferred method of this invention for reducing the water permeability of a water and hydrocarbons 
45 producing zone in a subterranean formation penetrated by a well bore is as follows. An aqueous solution or dispersion 
of an ethylene oxide-propyiene oxide-ethylene oxide block copolymer surfactant having a molecular weight In the range 
of from about 5,000 to about 15,000 is pumped into the zone by way of the well bore to facilitate the formation of a 
foam, stabilize the foam in the presence of flowing formation water and destabilize the foam in the presence of hydro- 
carbons, and then nitrogen gas is introduced into the zone by way of the well bore in the presence of the surfactant 
so and water therein to thereby form a water permeability reducing foam in water producing portions of the zone. 

[0017] As indicated previously, the carrier liquid is preferably salt water or brine and the polymeric surfactant is 
preferably present in the salt water or brine in the range of from about 0. 1 % to about 5% by weight of the salt water or 
brine. The gas utilized is preferably nitrogen gas, and the gas is preferably pumped into the zone in a volumetric ratio 
of the gas to the aqueous solution or dispersion of the polymeric surfactant in the zone in the range of from about 1 1 
55 to about 10:1. 

[0018] In order to further illustrate the methods of this invention, the following examples are given. 
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TABLE 1 
Surfactant Washout Test^ 

Surfactant 

Nocture of sodium dihexylsutfosuccinate ana mw-«* 
Sodium dodecyl sulfate 
Sodium laureth sulfate „ mnan <s\ 

7^ po -EO^) having a molecular weight of 4,600 
EthyleniM ox hh jy welgW of 5 000 

(^•BOirEOgj navmg a molecular weight of 3,800 



Washout Time t j 

2 
2 
62 
3 
3 
2 
20 
136 

21 

100 

18 

92 

57 



better than the other surfactants. 

Kucinfl water permeability. The surfactants were J-^JJ^TlE then each used to generate a foam in a 

SEpSc which was 1 inch in diameter by 2 J^J^SSant mixture and air. The pressure dmp across 
Xe sand pack by alternate injection of portons of the wate ^surac. factorforliquidftowW a8 calculated, 

ie the ratio of the pressure drop required to acnieve»8« 

factor to a low » < * ,uo 
Table II below. 
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TABLE II 



Sand Pack Without Teste 


Test No. 


Surfactant 


Pore Volumes of Brine For Washout 


1 


Sodium taurath sulfate 


13.5 


2 


Ethylene oxide-propylene oxide-ethylene oxide tri-block 


27.5 




copolymer (E0 13a -P0 56 -E0 1 3 2 ) having a molecular weight of 






14,600 




3 


ethylene oxioe-propyiene oxiae-einyiene oxtae in-oiocK 


o.U 




copolymer (EO 103 -PO3g-EO 103 ) having a molecular weight of 






11,400 




4 


Ethylene oxide-propylene oxide-ethylene oxide tri-block 


5.0 




copolymer (E0 26 -P039-E0 2 e) having a molecular weight of 






4,600 




5 


Ethylene oxide-butylene oxide-ethylene oxide tri-block 


16.0 




copolymer (E0 45 -BO u -E0 45 ) having a molecular weight of 






5,000 





[0023] From Table II, it can be seen that the surfactants tested are effective in forming and stabilizing foams in the 
presence of flowing brine. 

[0024] Thus, the present invention is well adapted to carry out the objects and attain the ends and advantages 
mentioned as weB as those which are inherent therein. While numerous changes may be made by those skilled in the 
2s art, such changes are encompassed within the spirit of this invention as defined by the appended claims. 



Claims 

30 1. A method of reducing the water permeability of a water producing zone in a subterranean formation penetrated 
by a well bore, which method comprises introducing a polymeric surfactant and an inert gas into said water pro- 
ducing zone by way of said well bore to thereby form a water permeability reducing foam therein, said polymeric 
surfactant having the property of facilitating the formation of said foam and the additional property of stabilizing 
said foam in the presence of flowing formation water 

35 

2. A method according to claim 1 , wherein said polymeric surfactant is selected from ethylene oxide-propylene oxide- 
ethylene oxide tri-block copolymers and ethylene oxide-butylene oxide-ethylene oxide tri-block copolymers, and 
Is preferably an ethylene oxide-propylene oxide-ethylene oxide tri-block copolymer having a molecular weight of 
from 5,000 to 15,000. 

40 

3. A method according to claim 1 or 2, wherein said polymeric surfactant is introduced into said zone as a solution 
or dispersion in an aqueous carrier liquid, and is preferably present in said aqueous carrier liquid in an amount of 
from 0.1% to 5% by weight of said carrier liquid. 

45 4. A method according to claim 1 , 2 or 3, wherein said aqueous carrier liquid is an aqueous salt solution or brine. 

5. A method according to any of claims 1 to 4, wherein said polymeric surfactant and said gas are separately intro- 
duced into said zone. 

50 6. A method according to any of claims 1 to 5. wherein said gas is natural gas or nitrogen. 

7. A method according to claim 6, wherein said gas is nitrogen and it is introduced into said zone in a volumetric ratio 
of said gas to said aqueous solution or dispersion introduced therein of from 1 :1 to 1 0:1 . 

55 8. A method according to any of claims 1 to 7, wherein the polymeric surfactant is introduced into said zone by way 
of said weil bore, and the gas is introduced into said zone by way of said well bore in the presence of sard polymeric 
surfactant and water therein to thereby form the water permeability reducing foam in water producing portions of 
said zone. 
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